breast cancer) ( 4 ) , as well as with the risk of renal cell cancer (but not with the risk of bladder or prostate cancer) ( 5 ) . In the other study, a Danish group observed a positive association between acrylamide exposure and postmenopausal estrogen receptor -positive breast cancer risk using acrylamide -hemoglobin adducts for the assessment of acrylamide exposure ( 6 ) . More prospective epidemiological studies on the association between acrylamide intake and cancer risk are needed, especially for cancer sites that have not yet been studied, such as the lung.
Here we report the fi rst prospective epidemiological study to examine the association between dietary acrylamide intake and lung cancer risk.
Methods

Study Design and Participants
This study was conducted within the prospective Netherlands Cohort Study (NLCS) on Diet and Cancer, which started in September 1986 with the inclusion of 58 279 men and 62 573 women aged 55 -69 years who were randomly sampled from Dutch municipal registries ( 11 ) . At baseline, study participants were sent a questionnaire on diet and other risk factors for cancer, such as smoking and physical activity, that was designed to be self-administered. Participants were informed that by returning the completed questionnaire they would be giving their consent to participate in a study of the etiology of cancer in relation to diet. This procedure of informed consent was approved by the Medical Ethics Committees of the University Hospital Maastricht and the Netherlands Organisation for Applied Scientific Research.
A case -cohort approach ( 12 ) was used for data processing and analysis; case subjects were derived from the entire cohort, and the number of person-years at risk for the entire cohort was estimated from a subcohort of 5000 men and women who were randomly sampled from the full cohort at baseline. Incident lung cancer cases in the total cohort were detected by computerized record linkages to the Netherlands Cancer Registry and the Netherlands Pathology Registry. The completeness of cancer follow-up through linkage with these cancer registries is at least 96% ( 13 ) , and follow-up of the subcohort at the end of the 13.3-year follow-up period (September 17, 1986 , up to January 1, 2000) was nearly 100% complete (only two male subcohort members were lost to follow-up). Further details on the design of the study and methods of follow-up have been published previously ( 11 , 14 , 15 ) .
Case subjects and subcohort members were excluded from this analysis if they had been diagnosed with any cancer (except skin cancer) at baseline and if their dietary data were incomplete or inconsistent. Figure 1 shows the selection and exclusion steps that resulted in the numbers of case subjects and subcohort members that were included in the analysis.
According to the formula of Cai and Zeng ( 16 ), the power was 80% to detect a statistically signifi cant ( ␣ = .05) association with a hazard ratio (HR) of 1.35 or higher (analyzing all male case subjects) or 1.90 or higher (for the smallest case group in men, those with large cell tumors), when comparing the highest with the lowest quintile of acrylamide intake. For women the power was 80% to detect a statistically signifi cant ( ␣ = .05) association with an HR of 1.65 or higher for overall lung cancer or 3.2 or higher for large cell tumors (the smallest case group in women), when comparing the highest with the lowest quintile of acrylamide intake.
Acrylamide Intake Assessment
The NLCS food-frequency questionnaire contained questions on 150 food items ( 14 , 15 ) . It queried the habitual intake, in terms of frequency and, for most foods, portion size, of foods consumed by the participant during the year preceding baseline. The major dietary sources of acrylamide in the Netherlands in 1998 (determined through a National Food Consumption Survey) were estimated to be potato crisps (31% of the total), French fries (21%), Dutch spiced cake (16%), coffee (13%), bread (10%), and cookies (4%) ( 17 ) . All of these foods were included as separate items in the NLCS food-frequency questionnaire. Thus, the most important sources of dietary acrylamide in the Netherlands were taken into account in the acrylamide exposure assessment.
We used data from the Dutch Food and Consumer Product Safety Authority on acrylamide levels in foods that were sampled from Dutch shops in 2002 and 2005 to obtain an intake estimate representative for our study population. Chemical acrylamide measurements in cookies were done in several types of cookies that are known to be eaten most frequently by a population comparable to the NLCS, according to information from the development phase of the questionnaire. The acrylamide level that was used for cookies in this acrylamide intake estimation was based on the acrylamide level of the specifi c types of cookies weighted by the relative frequency of consumption of the NLCS-comparable
CONTEXT AND CAVEATS
Prior knowledge
Acrylamide, which is found in commonly consumed foods, had been shown to be a carcinogen in animal studies.
Study design
Prospective case -cohort study with cancer incidence determined from data from national registries. Intake of acrylamide-containing foods was estimated based on a self-administered questionnaire and government data on acrylamide content in foods. Cox proportional hazard regression models that adjusted for known or potential risk factors were used to assess the association of acrylamide intake with lung cancer.
Contribution
This study suggested that acrylamide intake does not increase the risk of lung cancer. The decreased risk of lung cancer with increasing intake of acrylamide in women observed in this study and previous studies on hormonal effects of acrylamide in animals raise the possibility that acrylamide may be involved in carcinogenesis via nongenotoxic effects.
Implications
Additional epidemiological studies on the association of acrylamide intake with cancer at various sites are warranted.
Limitations
Nondifferential misclassification of exposure may have obscured an association of acrylamide exposure with increased risk of lung cancer.
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Downloaded from https://academic.oup.com/jnci/article-abstract/101/9/651/900434 by guest on 16 April 2019 population. The same was done to estimate acrylamide levels for other composite food items, such as pies and chocolates. We performed a validation study to investigate whether using mean acrylamide levels for foods that vary widely in their acrylamide content results in a sound estimate of total acrylamide intake (E. J. M. Konings 24 hours by an individual. The 39 participants in the duplicate diet study were asked to keep a diary in which they reported the amounts of specifi c foods that they ate during the 24 hours; we used the information in those diaries to estimate the acrylamide content of the 24-hour diets as the amount of specifi c food multiplied by the mean acrylamide level of a specifi c food that was also used for the NLCS acrylamide intake assessment. Subsequently, the acrylamide levels of the duplicate diets were chemically analyzed by liquid chromatography-tandem mass spectrometry using the method of Rosén and Hellenas ( 18 ) and correlated to the acrylamide content estimated from the diaries, which rendered a Spearman correlation coeffi cient of .82 ( P < .001). This good correlation indicates that it is feasible to make a reliable rank ordering of acrylamide intake via a 24-hour diet by using mean acrylamide levels for individual foods. Further details of the intake assessment, including levels of acrylamide in foods, are presented elsewhere ( 4 ).
Statistical Analysis
Confounders were selected in two steps: some were chosen a priori to be included in the models. Others were only included if they changed the age-and sex-adjusted hazard ratio of lung cancer for a 27-µ g/d increment of acrylamide intake (27 µ g/d is the difference between the 10th and 90th percentile of acrylamide intake of the subcohort) by more than 10% compared with the age-and sex-adjusted hazard ratio. The a priori -selected covariables were age (years); sex; family history of lung cancer (yes or no); smoking 
, and fiber (g/d); and use of vitamin A supplements (yes or no). In separate analyses, we additionally adjusted for the following passive smoking variables: smoking by the parents in the period that the participant lived with his or her parents (no, both, mother only, father only); smoking by the partner in the presence of the participant (never or former or current), and number of hours per day spent in a smoky room. In other separate analyses, we additionally adjusted separately for consumption of the five most important dietary sources of acrylamide in this cohort: coffee (g/d), Dutch spiced cake (g/d), cookies (g/d), potato crisps (g/d), and French fries (g/d) ( 4 ) .
Compared with nonsmokers, smokers have, on average, three to four times higher levels of acrylamide -hemoglobin adducts, which are a biomarker for exposure to acrylamide ( 19 ) . For this reason, and because smoking is such an important risk factor for lung cancer, subgroup analyses were performed for never smokers. For men, this subgroup included cigar and pipe smokers, and in those analyses, we adjusted for pipe and cigar smoking. There were virtually no female cigar or pipe smokers in this study population (fi ve cigar smokers in the subcohort, and one cigar smoker and one pipe smoker among the large cell lung cancer case subjects), and therefore we did not adjust the hazard ratios for women for pipe and cigar smoking. Hazard ratios and 95% confi dence intervals (CIs) were obtained through Cox proportional hazards regression ( 20 ) using STATA software (release 9.2, 2005; STATA Corporation, College Station, TX ) with person-years at risk as the time metric. Scaled Schoenfeld residuals were used to test the proportional hazards assumption ( 21 ) . The assumption was not violated. Additional variance introduced by sampling a subcohort from the cohort was taken into account by estimation of standard errors using the robust Huber -White sandwich estimator, a method similar to the variance -covariance estimator of Barlow ( 12 ) . Tests for dose -response trends were performed by fi tting the median acrylamide intake per quintile or tertile as a continuous variable. We considered 100 and 60 case subjects as the minimum number needed to do analyses with acrylamide exposure categorized into quintiles and tertiles, respectively, and assumed that 20 case subjects were needed to analyze acrylamide exposure as a continuous variable.
To examine the infl uence of preclinical disease on the results, the analyses were also performed with exclusion of case patients with cancer detected in the fi rst 2 years of follow-up. We also performed subgroup analyses among participants who had no occupational exposure to biological dust, mineral dust, or gases or fumes [as defi ned according to the community-based job exposure matrix (ALOHA JEM) that was developed to translate occupation into none, low, or high exposure to biological dust, mineral dust, or gases or fumes ( 22 )]. Effect modifi cation of the association between acrylamide intake and lung cancer by other variables was tested using Wald 2 tests. The variables that were tested for effect modifi cation were selected according to their ability to modify the activity of CYP2E1 ( 23 -26 ) , the enzyme that converts acrylamide to genotoxic glycidamide ( 27 ) . These variables were age (55 -59, 60 -64, 65 -69 years), diabetes (ever or never diagnosed of diabetes), obesity (BMI >30 kg/m 2 ), smoking (smoking status and both duration of smoking in years and number of cigarettes smoked per day), alcohol consumption (0, >0 to 5, >5 g/d), and physical activity (<30, 30 to <60, 60 to <90, ≥ 90 min/d). All reported P values were from two-sided tests. A P value less than .05 was considered to be statistically signifi cant.
Results
After 13.3 years of follow-up (September 17, 1986, up to January 1, 2000), there were 2238 cases of primary, histologically verified lung cancer (International Classification of Diseases for Oncology-3 code: C34). The characteristics of the subcohort and the lung cancer case subjects by sex and by histological subtype are shown in Table 1 . Apart from the expected higher frequency, quantity, and duration of smoking among case subjects than among subcohort members, there were clear differences in fruit and alcohol intake. Case subjects, regardless of the type of lung cancer that they had, consumed less fruit and had a higher alcohol intake than subcohort members. In addition, among the male participants, case subjects, regardless of lung cancer type, were older than subcohort members, whereas among the female participants this was not the case.
The interaction between acrylamide intake and sex was statistically signifi cant or borderline statistically signifi cant in most case subject groups ( P interaction = .06, .08, and <.01 for all case subjects with any lung cancer, small cell carcinoma, and adenocarcinoma, respectively). Therefore, the hazard ratios for lung cancer according to histological subtype are shown separately for men ( Table 2 ) and women ( Table 3 ) .
In men (smokers and nonsmokers combined), acrylamide intake was not associated with the risk of lung cancer overall. The multivariable-adjusted hazard ratio of lung cancer for a 10-µ g/d increment of acrylamide intake was 1.03 (95% CI = 0.96 to 1.11), and there was no trend over the quintiles of acrylamide intake. Acrylamide was also not associated with the risk of any of the histological subtypes of lung cancer. For male never smokers, there were increased hazard ratios in the second and third tertiles of acrylamide intake, but the 95% confi dence intervals were wide. When acrylamide intake was treated as a continuous variable, there was no evidence of an increased risk of lung cancer (HR = 0.93; 95% CI = 0.66 to 1.32). Because of the small number of male never smokers, it was not possible to investigate if the increased risks in this group were due to a particular subtype of lung cancer.
In women, there was a statistically signifi cantly decreased risk of overall lung cancer associated with increasing acrylamide intake, both for the continuous acrylamide variable (multivariable-adjusted HR per 10-µ g/d increment of acrylamide intake = 0.82; 95% CI = 0.69 to 0.96) and across the intake quintiles (multivariable-adjusted HR for highest vs lowest quintile = 0.45; 95% CI = 0.27 to 0.76; P trend = .01). For never-smoking women, there was also an inverse association between acrylamide intake and overall lung cancer risk, with a borderline statistically significant multivariable-adjusted hazard ratio for the continuous acrylamide variable (HR = 0.78; 95% CI = 0.61 to 1.00) and an inverse trend across the tertiles of acrylamide intake with a statistically nonsignifi cant P for trend. Within the female subgroups based on histological subtypes, a statistically nonsignifi cant inverse trend across the tertiles of acrylamide intake was observed for squamous cell cancer (although the hazard ratio for the continuous acrylamide variable was not signifi cantly decreased) and most strongly for adenocarcinoma, for which the hazard ratio in the third tertile compared with the fi rst tertile was 0.40 (95% CI = 0.21 to 0.78; P trend = .01).
The null associations for men and the inverse associations for women remained unchanged when we additionally adjusted for passive smoking by the parents and by the domestic partner and for the number of hours per day spent in a smoky room (data not shown). In addition, adjustment for intake of coffee, Dutch spiced cake, cookies, potato crisps, or French fries did not result in substantially different hazard ratios (data not shown).
The results for both men and women did not change substantially when we excluded case subjects who were diagnosed during the fi rst 2 years of follow-up (data not shown). In addition, in subgroup analyses among participants who were never occupationally exposed to biological dust, mineral dust, or gases or fumes, the results were not substantially changed (data not shown).
In men, there were no statistically signifi cant P values for interaction for any of the variables tested for total lung cancer ( Table 4 ) . However, men with the lowest alcohol intake had a statistically signifi cantly increased acrylamide-associated risk of lung cancer when acrylamide intake was treated as a continuous variable (HR per 10-µ g/d increment = 1.28; 95% CI = 1.06 to 1.56). 685 (334) 648 (295) 677 (321) 641 (322) 497 (245) 623 (349) 671 (481) 643 ( (509) 1686 (398) 1726 (415) 1686 (469) 1666 (437) 1731 (393) Carbohydrate, g/d
227 (66) 224 (65) 223 (62) 221 (63) 224 (60) 179 (48) 178 (50) 184 (62) 172 (50) 174 ( 184 (87) 176 (86) 183 (80) 182 (75) 196 (81) 202 (82) 212 (88) 178 (83) 183 (70) Fruit, g/d
154 (114) 132 (110) 140 (109) 131 (97) 136 (114) 196 (121) 143 (111) 179 (132) 161 (146) 186 ( Height, cm 176 (7) 176 (7) 176 (7) 176 (7) 176 (7) 165 (6) 165 (7) 165 (5) 166 (7) 166 (6) Nonoccupational physical activity, min/d
80 (68) 75 (69) 81 (72) 78 (73) 73 (65) 64 (53) 78 (74) 58 (49) 61 ( For women, the P value for interaction between nonoccupational physical activity and acrylamide was statistically signifi cant both for the total group of women and for the never-smoking women, but the acrylamide-associated risk of lung cancer did not increase or decrease linearly over the categories of nonoccupational physical activity but instead followed a U-shaped curve. Furthermore, among never-smoking women, those in the lowest category of alcohol intake had a lower acrylamide-associated risk of lung cancer risk than those in the higher categories of alcohol intake, with a borderline statistically signifi cant P for interaction ( P = .08).
Discussion
This prospective cohort study did not provide evidence of a positive association between dietary acrylamide intake and lung cancer risk in men.
For women we observed a statistically signifi cant inverse association between acrylamide intake and lung cancer risk; this association was strongest for adenocarcinoma. The inverse association for women was robust in that it remained unchanged after exclusion of cases diagnosed during the fi rst 2 years of follow-up and after adjustment for exposure to passive smoke or for consumption of foods that are important sources of dietary acrylamide in this cohort. Furthermore, after multivariable adjustment, the hazard ratios were more decreased than the age-adjusted hazard ratios, which implies that residual confounding by any of the included covariables (eg, smoking) is unlikely. In never-smoking women, the hazard ratios were decreased as well.
Our results are not in line with two mouse studies. In two strains of mice (male and female A/J mice and female Swiss-ICR mice), an increased incidence of lung cancer was observed after administration of acrylamide by gavage or intraperitoneal injection ( 8 , 9 ) . To our knowledge, this is the fi rst time that dietary acrylamide intake has been studied in relation to human lung cancer risk. Epidemiological studies on occupational acrylamide exposure have observed an increased risk of respiratory tract cancer ( 28 -30 ) , but this fi nding was ascribed to concurrent exposure to organic dyes. In addition, there was no evidence of a dose -response relationship, a negative fi nding that does not support a causal association between acrylamide exposure and respiratory tract cancer risk. Furthermore, these epidemiological studies lacked appropriate control for confounders, such as smoking, and the study populations included virtually only men.
Our study has some limitations that should be described. First, an important component of any epidemiological study on the association between dietary acrylamide intake and cancer risk is the validity and reliability of the exposure assessment. A number of sources of nondifferential misclassifi cation of the acrylamide intake may have occurred in this study. For example, we measured acrylamide sampled in Dutch shops in 2002 and 2005, but the study participants consumed foods that were on the market before those dates. We did not ask participants whether the foods they consumed were purchased preprepared or were prepared by them at home. Of the important acrylamide-containing foods, French fries were most likely to be prepared at home in the NLCS population. However, French fries contributed relatively little to the .53
* HR for all men adjusted for age, body mass index, energy intake, alcohol intake, vegetable consumption, fruit consumption, lung cancer in the family, nonoccupational physical activity, education level, niacin intake, cigarette smoking status, number of cigarettes per day, number of years of smoking cigarettes, pipe smoking status, number of pipes per day, number of years of smoking pipes, cigar smoking status, number of cigars per day, number of years of smoking cigars. HR for never smokers adjusted for age, body mass index, energy intake, alcohol intake, vegetable consumption, fruit consumption, lung cancer in the family, nonoccupational physical activity, education level, niacin intake, number of cigarettes per day, number of years of smoking cigarettes (and for total and men: pipe smoking status, number of pipes per day, number of years of smoking pipes, cigar smoking status, number of cigars per day, number of years of smoking cigars). Q = quintile; T = tertile; HR = hazard ratio; CI = confidence interval; SCC = squamous cell carcinoma; LCLC = large cell lung carcinoma; SCLC = small cell lung carcinoma; AC = adenocarcinoma; -= insufficient number of cases. † The median acrylamide intake of the male subcohort in the quintiles was 10.8, 15.6, 19.6, 25.4, and 37.6 µ g/d and in the tertiles: 12.8, 19.6, and 32.8 µ g/day. Table 3 * HR whole group adjusted for age, body mass index, energy intake, alcohol intake, vegetable consumption, fruit consumption, lung cancer in the family, nonoccupational physical activity, education level, niacin intake, cigarette smoking status, number of cigarettes per day, number of years of smoking cigarettes. HR never smokers adjusted for age, body mass index, energy intake, alcohol intake, vegetable consumption, fruit consumption, lung cancer in the family, nonoccupational physical activity, education level, niacin intake. Q = quintile; T = tertile; SCC = squamous cell carcinoma; LCLC = large cell lung carcinoma; SCLC = small cell lung carcinoma; AC = adenocarcinoma; -= insufficient number of cases. † The median acrylamide intake of the female subcohort in the quintiles was 9.5, 14.0, 17.9, 24.3, and 36. .08
* HR for whole group adjusted for age, body mass index, energy intake, alcohol intake, vegetable consumption, fruit consumption, lung cancer in the family, nonoccupational physical activity, education level, niacin intake, cigarette smoking status, number of cigarettes per day, number of years of smoking cigarettes (and for men: pipe smoking status, number of pipes per day, number of years of smoking pipes, cigar smoking status, number of cigars per day, number of years of smoking cigars). HR for never smokers adjusted for age, body mass index, energy intake, alcohol intake, vegetable consumption, fruit consumption, lung cancer in the family, nonoccupational physical activity, education level, niacin intake, number of cigarettes per day, number of years of smoking cigarettes (and for men: pipe smoking status, number of pipes per day, number of years of smoking pipes, cigar smoking status, number of cigars per day, number of years of smoking cigars). HR = hazard ratio; CI = confidence interval; n = number of cases in analysis; BMI = body mass index. † Insufficient number of cases. Table   4 (continued).
acrylamide intake and to the variance in acrylamide intake in this cohort ( 4 ) . Furthermore, acrylamide levels vary considerably within food items, such as French fries. However, all of these sources of nondifferential misclassifi cation would bias the true association toward the null, so that the inverse association for women that we observed might be even stronger. On the other hand, our acrylamide intake assessment also has an important strength in that we only used acrylamide levels in foods sampled from Dutch shops and specifi cally sampled and analyzed foods that were relevant for the NLCS population. Second, although we checked extensively for variables that confounded the association between acrylamide intake and lung cancer risk, confounding by unknown confounders might be an alternative explanation for the observed associations.
Finally, for the interaction analyses, the fact that we calculated hazard ratios for many small subgroups makes it likely that some of the observed statistically signifi cant P values for interaction or hazard ratios in subgroups did not represent true associations and should therefore be interpreted with caution. The observations reported here need confi rmation or refutation from other epidemiological studies in independent cohorts.
It is assumed that genotoxic compounds have no threshold below which exposure to this compound does not entail a risk of cancer. There are several indications that acrylamide is genotoxic in vitro and in vivo, mainly after it is metabolized to glycidamide. Acrylamide causes clastogenic effects (chromosome aberrations, micronuclei, or sister chromatid exchanges); glycidamide induces the same effects at lower doses and forms DNA adducts, which can lead to point mutations ( 31 ) . Because of this presumed genotoxicity, linear extrapolation from high chronic doses in rats to low chronic doses in humans is applied in acrylamide risk assessment. The outcome of these extrapolations is that an acrylamide intake of 1 µ g/kg body weight per day in humans corresponds to a relative risk of cancer in humans of between 1.006 and 1.05 ( 32 ) (in the Netherlands, the mean intake is approximately 0.5 µ g/kg body weight per day) ( 17 ) . The increased relative risks of endometrial, ovarian, renal cell, and estrogen receptor -positive breast cancer observed in recent epidemiological studies of acrylamide exposure ( 4 -6 ) are at least 10-to 100-fold higher than what would have been expected from the animal studies. Although these epidemiological results need to be confi rmed, they raise the possibility that risk extrapolation based on animal results might underestimate human cancer risk associated with acrylamide exposure instead of rendering conservative risk estimates, as is often presumed to be the case when using linear dose extrapolation. This underestimation might be due to a steeper dose -response relationship at lower doses than at higher doses or to entirely different mechanisms that operate at different dose levels or in different species. Epidemiological studies are important because they investigate the risks in the relevant species at the relevant doses.
The inverse association between dietary acrylamide intake and the risk of lung cancer that we observed for women may indicate that acrylamide is involved in human carcinogenesis through another pathway besides genotoxicity. The theory of a hormonal pathway of acrylamide carcinogenicity was fi rst suggested because of the predominantly hormone-sensitive sites at which cancer occurred after administration of acrylamide in animal studies Downloaded from https://academic.oup.com/jnci/article-abstract/101/9/651/900434 by guest on 16 April 2019 ( 7 , 10 ) . Furthermore, the frequency distribution of glycidamide DNA adducts across different tissues did not match the frequency with which cancers arose in particular tissues in animals ( 33 ), suggesting that genotoxicity may not be the only relevant cancercausing characteristic of acrylamide. Consistent with the possibility that hormonal factors might be at the basis of the carcinogenic action of acrylamide, we observed positive associations between acrylamide intake and endometrial and ovarian cancer risk ( 4 ) , and a Danish study observed a positive association between acrylamidehemoglobin adducts in the blood and the risk of estrogen receptor -positive breast cancer ( 6 ) . The established risk factors for these cancers are predominantly related to hormonal levels.
Studies in rats have produced confl icting evidence for the role of acrylamide in the disruption of endocrine systems. Acrylamide was shown to infl uence levels of prolactin, testosterone, estrogen, and progesterone ( 34 -36 ) , but in a study of male rats, no clear infl uence of acrylamide on the hypothalamus -pituitary -thyroid axis was observed ( 37 ) . In the latter study, however, no sex steroid hormones were studied. A recent in vitro study on glycidamideinduced gene expression in human breast and colon cancer cells showed increased expression of genes that catalyze the conversion of inactive androgen and estrogen precursors to active forms, such as testosterone and 17 ␤ -estradiol ( 38 ) .
Several lines of evidence indicate the involvement of sex hormones in lung cancer etiology. Normal human lung tissue and lung tumor tissue contain estrogen [especially estrogen receptor-␤ (ER-␤ ) in contrast to, for instance, endometrial tissues, which contain mainly ER-␣ ( 39 )], progesterone, and androgen receptors, and the expression of the receptors differs between men and women and among lung cancer subtypes ( 40 -42 ) . Adenocarcinomas, for example, express ER-␤ to a higher extent than squamous cell carcinomas ( 42 ) . Several epidemiological studies have looked at the association between postmenopausal hormone treatment and female lung cancer risk, and some of these studies showed a decreased risk of postmenopausal hormone treatment ( 43 , 44 ) . It is interesting that within the NLCS the associations between postmenopausal hormone treatment, oral contraceptive use, and BMI and lung cancer risk were opposite to those with endometrial and ovarian cancer, for which we observed positive associations with acrylamide exposure ( 4 ) . On the basis of the above-mentioned, albeit still fragmented observations (sex hormone level changes in rats, increased expression of sex hormone precursor genes, estrogen receptors in lung tissue, and associations between reproductive factors and lung cancer risk), we hypothesize that acrylamide may alter hormonal balances in such a way that it decreases lung cancer risk in women but increases endometrial and ovarian cancer risk. We strongly encourage other research groups to examine the association between dietary acrylamide intake and the risk of lung cancer, separately among men and women and stratifi ed by smoking status and alcohol consumption.
